Optical resolution for (2S,3R) and (2R,3S)-hydroxycitric acid (HCA) enantiomers was developed using chiral column chromatography. HCA from Bacillus megaterium G45C and Streptomyces sp. U121, newly isolated in our previous study, was analyzed to determine the absolute configuration. These results indicate that both strains generate optically pure (2S,3R)-hibiscus type HCA enantiomer.
Hydroxycitric acid (HCA) contains two diastereomers due to two chiral centers in their molecules. Therefore, there are four stereoisomers including pairs of enantiomers. Each of the stereoisomers forms a lactone ring (Fig. 1A) . (2S,3R)-HCA (a mixture of 1a and 1b) is found in the calyxes of Hibiscus subdariffa and in the leaves of Hibiscus cannabinus.
1,2) (2S,3R)-HCA has been shown to inhibit pancreatic -amylase and small intestine -glucosidase. 3, 4) In a human cell model system, it reduced carbohydrate digestion. 5) In a previous study, we isolated HCA producers, Bacillus megaterium G45C and Streptomyces sp. U121, from nature.
6) The product was analyzed by 1 H-NMR, and was identified as an optically active mixture of hibiscustype HCA diastereomer and its lactone. However, we could not determine whether the absolute configuration is (2S,3R) or (2R,3S), because the purification yield was poor and sufficient amounts of methyl esters were not available to determine optical rotation. Hence we synthesized authentic (2S,3R) and (2R,3S) enantiomers, then established their separation on a chiral HPLC column and determined the absolute configuration of microbial HCA.
Authentic methyl esters of (2S,3R) and (2R,3S)-HCAs and their lactone (1 0 a, b and 2 0 a, b) were synthesized by the methods described by Guthrie et al. 7) and Hida et al. 6) NMR and ESI-MS analyses revealed that the products from (2S,3R) and (2R,3S)-HCAs consist of 1 0 a, b and 2 0 a, b respectively (Fig. 1B) . Potions of 1 0 a, b and 2 0 a, b were subjected to alkaline hydrolysis in order to determine the optical rotation. 1a obtained in alkaline solution (1 N NaOH) showed optical rotation ½ D 25 þ31 (c, 0.045, H 2 O), which was almost identical to that in a previous report by Lewis and Neelakantan.
8) The optical rotation of 2a was ½ D 25 À24 (c, 0.057, H 2 O). The precursor of 1a was (2S,3S)-epoxyaconitic acid, which was obtained as crystalline (À)-cinchonidine salt, whereas the precursor of 2a, (2R,3R)-epoxyaconitic acid, was obtained from concentrated mother liquor of 1a. Therefore, synthetically prepared 2a was estimated to contain 11.5% of 1a from its optical rotation. This contaminated enantiomer gave a small peak on a chromatogram of chiral HPLC, but had no critical effect on the determination of absolute configuration.
Since HCA is a mixture of nonlactone and lactone in general solutions and preparation of pure HCA nonlactone or lactone methyl ester is not simple, we established an analytical system for the mixture of 1 0 a and 1 0 b, and that of 2 0 a and 2 0 b, by chiral column chromatography. The HPLC system consisted of a Hitachi analytical liquid chromatograph (Hitachi High Technologies, Tokyo) equipped with chiral column 8:0 Â 275 mm (CHIRALPAK-IA, Daicel, Tokyo) and 6:0 Â 180 mm (CHIRALCEL OJ-RH, Daicel) in series. The mobile phase was CH 3 CN-H 2 O (20:80), and the eluate was analyzed at a wavelength of 210 nm. The mixture of 1 0 a and 1 0 b showed peaks at 12.1 min (peak 1) and 13.9 min (peak 2) on an HPLC chromatogram ( Fig. 2A ). 2 0 a and 2 0 b appeared at 10.2 min (peak 3) and 12.9 min (peak 4) (Fig. 2B) . Conversion of 1a to 1b and of 2a to 2b in 1 N HCl and subsequent esterification increased the signals of peaks 1 and 3 and decreased the signals of peaks 2 and 4 respectively. Before treatment in 1 N HCl, the ratio of peak 1 and peak 2 estimated from the peak area was 9:11, and after the treatment the ratio became 7:1. These results suggest that peaks 1 and 2 correspond to 1 0 b and 1 0 a and that peaks 3 and 4 correspond to 2 0 b and 2 0 a respectively. Then we purified HCA as a methyl ester from dry calyxes of Hibiscus subdariffa and the culture broth of Bacillus megaterium G45C, as described previously. 6) On chiral column chromatography, the products from Hibiscus subdariffa and Bacillus megaterium G45C A, HCA has four stereoisomers, (2S,3R), (2R,3S), (2S,3S), and (2R,3R) (1a, 2a, 3a, and 4a), and their lactone forms (1b, 2b, 3b, and 4b). Hibiscus subdariffa and Garcinia cambogia produce 1 and 3 respectively. clearly showed peaks 5 and 7 (retention time, 12.1 min) and peaks 6 and 8 (13.9 min) (Fig. 2C, D) , corresponding to those of 1 0 b and 1 0 a respectively. No peaks corresponding to peaks 3 and 4 ( Fig. 2B) were observed on the HPLC chromatograms. Similar result was obtained for Streptomyces sp. U121 (data not shown). These results indicate that Bacillus megaterium G45C and Streptomyces sp. U121 produce optically pure (2S,3R)-HCA, as Hibiscus subdariffa does. 9) It has been reported that hibiscus HCA inhibited pancreatic -amylase and small intestine -glucosidase. Administration of these enzyme inhibitors was shown to repress increases in blood glucose and insulin levels. Acarbose is an -glucosidase inhibitor widely used as a therapeutic agent in diabetes treatment, 10) but it must be used carefully due to side effects. In animal experiments, oral administration of pure (2S,3R)-HCA from hibiscus did not show any side effects or abnormal changes in tissues or internal organs. Hence hibiscus HCA is expected to be an effective food additive for prevention of diabetes and obesity. 4) Since HCA is an organic acid known to be produced by a limited number of tropical and subtropical plants, production depends on plant habitat and climate. Furthermore, efficient stereoselective organic synthesis is difficult. Since two isolated microbial strains proved to yield hibiscus-type (2S,3R)-HCA, microbial production of HCA is a promising alternative source of optically pure hibiscus-type HCA.
